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Section 1
Introduction and Background

Utah Trangt Authority (UTA) implemented a Connection Protection system (CP) to improve the
religbility of trandfers from the higher frequency light rall trains, TRAX, to the lower frequency

bus services. The CP system examines the status of TRAX trains and issues a“HOLD” message
to buses waiting at the connecting rail Sations viathe onboard Mobile Data Termind (MDT), if
the lateness of train iswithin a pre-determined threshold (e.g., 3 minutes). The system was
completed and tested in January 2002 prior to the Winter Olympic Gamesin Salt Lake City.

The successful implementation and operation of the CP systemn has received attention from the
Federd Trandt Adminigration (FTA) (the funding agency) and USDOT Intdligent
Transportation System (ITS) Joint Program Office (JPO) to warrant a nationa eva uation studly.
The objectives of the evduation are to assess and document the success of CP system and share
the experience and lessons learned with other agencies that may be considering asmilar system.

Battelle Memorid Indtitute was selected in September 2002 to conduct the evaluation. Brigham
Y oung University (BY U) in Provo, Utah, was contracted by Battelle to provide various fidd data
collection support to the evaluation. The evauation is expected to last from October 2002 to
October 2003. A kickoff meeting, attended by the evauation team and the UTA CP project
team, was hdld in the UTA office at Salt Lake City, Utah, in November 2002. In order to
understand how the CP system works and to provide guidance to the overdl evauation design,
an exploratory andysis using operation data provided by the UTA was performed in

February 2003.

Thisevduation plan isthefirg in a series of ddiverables to be devel oped by the evauation team.
The evauation plan includes the background and the objectives of the evauation, a description
of the CP system, the evauation approach, results of an exploratory analyss, discusson of the
proposed evauation tests, and an evaduation management plan, including estimated leve of
effort, management sructure, schedule and ddliverables. Following the acceptance of this
evauation plan, detailed plansfor the individua evauation tests will be developed. This
evauation plan is organized as follows

Section 1 — Introduction and Background
Section 2 — Objectives of the Evauation
Section 3 — System Description

Section 4 — Evaluation Approach
Section 5 — Exploratory Andyds

Section 6 — Proposed Evauation Tests
Section 7 — Evauation Management




Section 2
Objectives of the Evaluation

A lig of objectivesfor the evduation of the CP system was initidly identified by the ITS Joint
Program Office (as part of the Statement of Work). Thislist was later reviewed and enhanced by
the evauation team and the UTA CP project team in the November 2002 kickoff meeting and in
subsequent discussions. The objectives of the evauation are as follows:

1. Theevauation will compare the number of successful rail to bus connections with and
without the CP system at transfer locations that have Smilar characterigtics,

2. The evduation will compare the number of successful rail to bus connections before and
after theimplementation of the CP system at selected transfer location(s) where new bus
services will be added;

3. Theevdudion will assess the number of connections that would be missed without the
CP system;,

4. Theevdudionwill provide an assessment of the operational performance of the CP
systemin terms of the number of successful connection due to the Connection Protection.
Note that the evauation does not intend to assess the hardware, the specific technology or
agorithms that comprise the CP system;

5. Theevaduaionwill provide an assessment of ancillary impacts associated with the CP
operations, including the effect of CP on bus schedule adherence;

6. Theevauationwill provide an estimate of annud time savings resulting from improved
connections with the CP system;

7. Theevduation will assess passengers perceptions of improved connections where CP is
implemented;

8. Theevduation will assess the effectiveness of the CP system based on feedback from bus
operators, dispatchers, and supervisors,

9. Theevduation will andyze and compare cusomer comments from the surveys and the
UTA complaint logs with regard to connection reliability with and without CP.

In generd, the above objectives support two types of evauation activities. A quantitative
andysisusng UTA system operation dataincluding trandfer data (e.g., CP message logs, bus
arrival and departure times, train arrival times, etc.) will address objectives 1 through 6. A
quadlitative analysis will address objectives 7 through 9, usng surveys and interviews with
passengers, operators, supervisors, and andysis of archived customer comments.

These eva uation objectives are explored in greater detail in Section 6: Proposed Evaluation
Tedts.




Section 3
System Description

UTA’ s Connection Protection system is designed to improve the reliability of transfers from the
light rail train, TRAX, to the connecting buses on selected bus routes. The CP system congtantly
monitors the train schedule adherence status by examining the estimated arriva times for the
next 3 gations. If thelateness of atrain iswithin a pre-determined threshold (e.g., 3 minutes), a
“HOLD” ingruction is sent to the connecting buses via the onboard Mobile Data Termina
(MDT). Therdatively short 3 minutes threshold was used to avoid possible adverse effects on
the bus on+-time performance.

The merit of UTA’s CP system isthe intdligent integration of a number of existing systems and
data, which greetly reduced the project’s capital cost. For example, the estimated train arriva
time data are produced for real-timetrain satus disolay at the light rail sations by a subsystem
developed by Geo Focus. The transmission of “HOLD” ingtruction messages is achieved usng
the existing Mobile Data Terminad (MDT) as part of the voice/data radio system equipped on dl
UTA buses. The CP messages are sent the same way as other data messages from the dispatcher
to the bus operators but without human intervention. The mgjor capital cost of the CP system is
the cost of the computer server and the interface peripheras with other systems. Figure 3-1
depicts related components of the CP system.

CP system issues a "HOLD"™ message on Real-time train arrival time provided at train stations.
the Mobile Data Terminal (MDOT) The estimated arrival time is used by the CP system.

Figure 3-1. Pictures of CP System in Operation




The CP system is essentidly a computer program that takes relevant data (e.g., estimated train
ariva time, train schedule, bus schedule) from other systems and determinesif alaetrain
would jeopardize the bus connections a downstream gations. When a potentidly missed
connection isidentified and the delay of thetrain iswithin a threshold (e.g., 3 minutes), the CP
system looks up the information of the particular bus (using the bus schedule) and sends a
“HOLD” message to the onboard Mobile Data Termina (MDT) using UTA’sradio dispatch
communication system.

The CP system isflexible in terms of which transfer location and timeto protect. For example, a
bus route can be protected only for a certain period of the day. In addition, internal parameters
such as the threshold of train lateness (typicaly 3 minutes) can aso be adjusted by individud
transfer location and time. For example, to protect the connection of alast bus, the threshold
might be increased in order to hold the bus longer until the train’s arrival.




Section 4
Evaluation Approach

This section describes the overdl approach taken toward the evaluation of the UTA CP system.
As suggested in the Statement of Work, the quantitative assessment of the effectiveness of the
CP system is meant to be a“with” and “without” comparison using transfer locations that are
currently under CP system protection and similar locations without CP system protection. The
reason for uang a“with” and “without” ingtead of “before’” and “ after” evauation desgn was

the lack of useful system data (e.g., train arriva times and bus arrival and departure times) before
the implementation of the CP system in January 2002.

In order to better understand how the CP system works and to identify the possible “with” and
“without” evauation scenarios, the Battelle evauation team conducted an exploratory andyss
using system data provided by UTA. The results of the exploratory analyss were used to guide
the development of this evauation plan and the detalled test plans that will follow. Fgure4-1
shows the overd| process employed by this evauation.

Evaluation Activities Evaluation Tasks Deliverables

- Evaluation Planning ... [l «ece s (* conduct Kickoff Meeting ] +vvvs. . Conduct Kickoff
b Meeting in Salt Lake City

Availability and
Methodologies @
Develop Guidance **** === fNcaess [Conduct Exploratory Analysis] ------- = Interim Technical Report:
for Evaﬁjation Design Exploratory Analysis
Results
Develop an Evaluation Plan == 4 =i ===« == ( Develop Evaluation Plan J ------- * Evaluation Plan
Visit to UTA in Supportof ===ssf ] essaeessaannnns
Test Plans Development
Develop Detailed TestPlans =={ f=res=-= [Develop Detailed Test PIansJ ------- + Detailed Test Plans

Conduct Survey &
Collect CP System
( Performance Data ][ Key Informant ) Interim briefing (TBD)

Conduct Pre-Test Activities = = =

Collect Quantitative and

on & Analysis [IlIEVEIUation Planning

Qualitative Data Interviews

Analyze Quantitative and « = = s s [Srs s s a e [Analyze and Interpret Data)

Qualitative Data :

Develop Evaluation Report =« " fesenns [Develop Evaluation Report) ------- + Evaluation Report

Figure 4-1. Overall Evaluation Process

The generd evauation gpproach of the quantitative study of the effectiveness of the CP system
liesin the comparison of a number of key system operation data, including:

CP message logs that indicate the content, time and recipient of the CP messages
(i.e, “HOLD” ingruction);

Train arivd times,

Bus arriva and departure times.




The CP message logs and train data are being systematically archived by the UTA. Busdaaare
not available sysem-wide, as UTA does not have an Automatic Vehicle Location (AVL) system
on its buses that would provide vehicle tracking (in time and location) capability. However,
ariva and departure time information is available from the Automatic Passenger Counter (APC)
equipped “smart buses’ that congtitute about 15% of the fleet. The Automatic Passenger
Counter isused in conjunction with the Globa Positioning System (GPS) to determine the time
and location of the passenger counts and the arrival and departure times at each stop. The
logidtical chdlenge isto dlocate the smart buses of various vehicle types to the sdlected
evauation routes during the data collection period. UTA has agreed to provide dl smart buses,
including the 60 new buses procured in early 2003, in support of this evauation. Specific
arrangements will be made as part of the development of the detailed test plans. Based on the
exploratory analyss, Battelle concluded that the CP message logs, and the train and bus data
provided by the UTA are sufficient for conducting the andysisin support of the evauation
objectives described in Section 2.

The general agpproach for the proposed qualitative assessment is relaivey intuitive. A survey is
envisioned to collect passengers perceptions of connection reliability at transfer locations with
and without CP system protection. The sdlection of with and without CP transfer locations for
the passenger survey will be coordinated with the quantitative study, based on the results of the
exploratory anadysis. The chdlenge of the passenger survey isto recruit the subjects without
jeopardizing their transfer and the rest of their journey. A number of possible intercept survey
techniques were explored by the Battelle team during and after the eva uation kickoff meeting.
The method and logidtical arrangements will be identified with BY U staff and as part of the
development of the detailed test plans. Other qualitative andyses will be based on key informant
interviews with bus operators and supervisors, and logs of customer comments (complaints) with
regard to connection experience.

More discussion of the specific evaduation activitiesis provided in Section 6: Proposed
Evauation Tedts.




Section 5
Exploratory Analysis

To assg in the development of an appropriate “with-without” evaluation design, Battelle
conducted an exploratory andyss using data collected by UTA during the last two months of
2002. The purpose of this analyss was to summarize which bus trips were CP protected, which
ones received the most messages, and which TRAX dations had the most ingtances of late trains.
An interim technica report covering the results of this exploratory analyss was delivered to

DOT on March 7, 2003. Results of the andlyss are being used as inputs for the evaluation
design.

Five primary objectives, listed below, were defined for the exploratory andysis.

Identify which bus trips are protected by the CP system;

Determine numbers and percentages of bus trips that receive CP messages,

Determine numbers and percentages of late trains at each TRAX dation;

Determine the average wait time of buses on each route and/or a each TRAX dation;
Identify any unprotected bus trips that could serve as comparable “without” trips during
the fidd evaludtion.

5.1 Analysis Methods

UTA has systems in place to collect data related to the performance of the CP system. Collected
datainclude arrival and departure times of buses and trains, alog of CP messages that are
generated, and databases of bus and train schedules (including indications of which bus trips

have been assgned CP protection). The exploratory andysis made use of data collected between
April 2002 and January 2003. Note that three “ change periods’ (i.e., tri-annua schedule and bus
route adjustments to respond to seasonal changes in travel) occurred over the time span covered
by the data. This summary of the exploratory analyss focuses on data from the last change
period. Additiond anayses on the other two change periods are discussed in the full exploratory
analysis report ddivered to DOT on March 7, 2003.

Bus and train times were grouped into four time-of-day categories for some of the analyses.
These categories were defined as:

AM rush = 4:00 an —10:00 am
Mid-day = 10:00 am — 2:00 pm
PM rush = 2:00 pm — 7:00 pm
Evening = 7:00 pm — 4:00 am

Smart-bus wait times were calculated by subtracting the bus arriva time from the bus departure
time a each stop. These arriva and departure times are logged by the GPS equipment on each
bus when the bus passes by pre-defined points (i.e., independent equipment from the APC
counters that count passengers).




5.2 Analysis Results

Tables showing the results of the various andyses are provided in the gppendix (TablesA-1 — A-
8). Fgure5-1 providesa UTA TRAX system map to facilitete the interpretation of the analysis
results. A discussion of the resultsis provided below.

Delta  Temple
Center g uapre

City Center

Gallivan Plaza

EmimmiEn
Ballpark
Central Pointe
Millcreek
Meadowbrook
Murray North
Murray Central

Fashion Place West
Midvale Fort Union

Midvale Center

Connection Protection only applied to the N-S line

Historic Sandy

Sandy Civic Center

Figure 5-1. TRAX System Map

Protected Trips

The TRAX system is comprised of two lines: the University Line, which runs esst/west between
downtown and the University of Utah; and the Sandy/Sdlt Lake Line, which runs north/south
between downtown and the suburb of Sandy. Maor construction is occurring ong the
Univergity Line, and bus routes are being detoured accordingly. Asaresult, CP protection ong
the University Lineis not being implemented until the congtruction is complete. Also, TRAX
gations in the downtown area are not configured to dlow busesto meet the trainsright at the
station; passengers need to walk to the nearest bus stop to make atransfer. For this reason, CP
protection is not implemented at the five downtown gtations. Consequently, the only TRAX
sations that are possible for incluson in the current evauation are the stations between Balpark
and Sandy Civic Center on the Sandy/Salt Lake Line.




Excluding the University Line and downtown TRAX sations, there are 1,227 possible weekday
bus trips (unique route/station/time combinations) per day that could be CP protected (CP
protection was not done on weekends). A total of 77 of these “daily” trips were protected during
Change Period #3, representing 6% of the possible weekday trips.

Thirty-nine different bus routes intersect the TRAX gations of interest (including eight routes

that intersect multiple stations). Only 15 of these routes had some of their trips protected by the
CP system. Table A-1 shows the number of protected and unprotected trips on a given weekday
for Change Period #3. A list of the routes where CP protection is implemented (dlong with their
corresponding TRAX dations) is given below:

66 (Ballpark)

35 (Centrd Pointe)

37, 41 (Millcreek)

36, 42 (Meadowbrook)

33 (Fashion Place West)

88 (Midvae Certer)

90, 94 (Higtoric Sandy)

41, 46, 47, 345, 811 (Sandy Civic Center)

The vast mgjority of trips that were CP protected were PM-rush trips (59 out of 77). Twelve,
four, and two trips were CP protected during the AM-rush, mid-day, and evening, respectively.
Table A-2 shows the number of protected and unprotected trips by time of day and frequency of
bus route.

CP Messages

Four types of CP messages are generated by the CP system and recorded in the message log that
ismaintained by UTA. These include messages that are transmitted to appropriate buses

(“Hold” messages); messages that are generated too late to be transmitted, as determined by the
pre-defined thresholds (“Missed” messages); messages that should be transmitted but cannat,
because the bus driver has not logged into the system correctly or some other problem has
occurred (“Bad Transmission” messages); and repeat messages that are generated because of
increasingly late trains and are not transmitted because the bus has dready been ingtructed to

hold (* Discarded” messages).

During November and December 2002, there were 41 possible days of travel (excluding
Thanksgiving Day and Christmas Day, when there was no service; and weekends, when no trips
were CP protected). Given that there are 77 protected trips each day, that yields atotd of 3,157
possible protected events for this two month period. A total of 1,415 CP messages were
generated during this time period; however, 897 of them were ether bad transmissions, or

missed or discarded messages. Table A-3 summarizes the 1,415 CP messages by message type.
The 518 “Hold” messages transmitted during this period implies that 16.4% of the connected bus
trips recelved “hold” CP messages during this period (518/3157 = 16.4%).




Excluding the 558 weekend “Bad Transmission” messages, there was an average of 20.9 CP
messages per day (non-holiday weekday) in November and December. However, there were
four days (9%) during this time when no messages were generated. Thus, on those days when a
least one CP message was generated, there was an average of 23.2 CP messages per day.

In November and December, buses at Millcreek, Historic Sandy, and Sandy Civic Center
received 77% of al of the non-*Bad Transmisson” messages (complete location data were not
available for the“Bad Tranamission” cases). This makes intuitive sense, because these three
TRAX gations also had the most protected bus trips associated with them (total of 72%).
Another way of comparing the CP messages generated across TRAX dationsisto look at the
ratio of CP messages to protected trips. This comparison reveds that Millcreek, Historic Sandy,
and Midvale Center had the highest relative percent of CP messages generated. While it was not
investigated in depth, one possible explanation for thisis that the time windows for connections
at these ations are tighter than at some of the other TRAX stations, thus more of the protected
trips receive CP messages. Table A-4 shows the number and percentage of CP messages
generated, the number and percentage of protected trips (summed across the 41 possible days),
and the percentage of CP messages relative to protected trips at each TRAX dation.

Late Trans

Trainsthat were at least three minutes late were summarized according to TRAX gation, time of
day, and day of week (see Tables A-5, A-6, and A-7). Transwere more likely to be latein the
evening and afternoon rush, and on Mondays, Fridays, and Saturdays. Also, Sandy Civic Center
had the fewest late trains, which is notable because buses at this Sation recelved the most CP
messages. |n addition to Sandy Civic Center having the most protected trips, the obvious reason
for the abundance of CP messagesis that 14 bus routes intersect with Sandy Civic Center,
compared to between one and six routes a other TRAX dations. Asaresult, onelatetrain a
Sandy Civic Center islikely to cause more CP messages to be generated <o that dl affected
buses can be held.

The degree of lateness for these trains ranged from 3 minutes through 600 minutes, with an
arithmetic mean of 10.5 and amedianof 4. No mgor differences were seen in the lateness of
trains at each of the TRAX daions.

Smart Buses

Over 9,500 trips were made by smart busesin November and December. On over haf of these
trips (56%0), the buses apparently did not stop to drop off or pick up passengers a the TRAX
dation (i.e, the arrival and departure times were equal). Two sets of statistics were calculated on
the wait times of the smart buses. Thefirgt included dl of the trips, while the second included

only those trips that actudly stopped at the TRAX gation. Inthe overdl case, the buses waited
for an average of 3.4 minutes a each TRAX dation, while the average was 7.8 minutes if only
those buses that stopped were included. No mgjor differences were seen in the wait times at each
of the TRAX dations.
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Potentid CP Assgnments

In trying to identify trips that could be used in a“with and without” comparison for the field
evaluation, the protected and unprotected trips were categorized by the time of day that they
occurred, the frequency between bus trips on a particular route, and the TRAX station that they
sarved. This comparison is presented in Table A-8.

Ligtings showing each individua bus trip that occurred in November and December then were
generated and examined to determine trips that were not CP protected and that were Smilar in
nature to protected trips. The god was to identify unprotected trips that were scheduled to depart
the TRAX dation at least three minutes after the scheduled train arriva time and no more than

one minute after the corresponding CP-protected bus was scheduled to depart the station. These
trips were consdered to be potentid “without” cases (subject to additiond input that UTA may
have about them). Table A-9 ligsdl of these trips and their associated protected trips (including
the number of “Hold” messages generated in November and December, and the train time
associated with each CP-protected trip). 1n summary, the number of potential “without” cases at
each of the TRAX dations for which cases were identified is asfollows:

Fashion Place West — 5 trips over 2 routes
Millcreek — 8 trips over 2 routes
Meadowbrook — 6 trips over 1 route
Midvale Center — 3 trips over 1 route
Higtoric Sandy — 8 trips over 2 routes
Sandy Civic Center — 25 trips over 4 routes

5.3 Implication for Evaluation Design

It appears that there may be an opportunity to conduct a “with vs. without” comparison of UTA’s
CP sysem. A totd of 55 unprotected bus trips were identified that occur in close proximity to
bus trips thet are dready CP protected. Additiond trip characteristics including type of service
(locdl vs. express) and passenger volume can be investigated to determine which tripswould be
best for indusion in the evauation.

11



Section 6
Proposed Evaluation Tests

Two types of testswill be performed to evauate the performance of and satisfaction with the CP
sysem. Thefirgt onewill be aquantitative andyss of the performance of the CP system, while
the second one will be a qualitative assessment of customer and UTA satisfaction with the CP
system. This section describes these two tests in further detaill. Complete details on how they
will be conducted will be provided in the respective detailed test plans.

6.1 CP System Performance Test

An evaduation will be conducted to determine how well the CP system is operating in regard to
preventing missed connections for train and bus passengers. The objectives of this andysis and
the manner in which it will be conducted are described in this section.

6.1.1 Test Objectives

The primary objective of the evaluation of syslem performance data is to evaluate the
effectiveness of the CP sysem. More specificaly, the objective isto evauate the ability of the
CP system to prevent missed connections and its ability to improve the number of successful
train-to-bus transfers for selected scenarios.

A second objective of the evauation of system performance data is to evauate operationa
aspects of the system performance. However, thiswill not include an evauation of the specific
hardware and software that comprise the CP system. Rather, particular emphasswill be on
evauating the extent to which the CP system consistently operates the way that it was desgned
from an overall perspective.

Findly, athird objective of the evauation of system performance is to assess unforeseen or
unintentional impacts resulting from implementing the CP system. In short, this portion of the
evauation of system performance data will be conducted to determine if the benefits of the CP
sysgem in terms of protecting riders have unforeseen costs associated with them. For example,
does holding a bus viaa CP message at one station cause missed bus-to-bus connections
downstream &t later stops?

6.1.2 Hypotheses and M easur es of Effectiveness

There are many different measures that could be used to meet the objectives of the system
performance evaluation. Table 6-1 contains some key measures and example hypotheses for
each of the three objectives discussed above. These measures and hypotheses will be refined as
part of the development of a detailed test plan.

12



Table 6-1. Objectives, Hypotheses and Measures of System Performance

Objectives Hypotheses Measures Sources of Data
Assess the CP prevents missed Number and = CP Message
effectiveness of the connections that would percentage of Logs
CP System in otherwise be missed (i.e., missed connections =  Smartbuses

reducing the number
of missed

CP increases the overall
number of successful

Average bus wait
time

= Train logs

connections connections) Number and

CP prevents missed percentage of late

connections in extreme train events that

situations (e.g., last bus of would trigger a CP

the day) message

There are no bus trips Bus arrival and

that are not being departure time

currently protected that Train arrival time

should be (i.e., cases

where CP could have a

significant impact)
Assess the Messages are being Number of = CP Message
operational aspects issued when they are messages issued vs. Logs
of the CP system, not supposed to be expected =  Train logs
to include software or When a message is Number of

hardware

issued, drivers receive the
message

Drivers do not ignore the
messages

CP messages are
targeted for the correct
trips

messages that were
not received

Number of
messages that were
erroneously sent

Determine if there

are unanticipated
impacts as a result of
implementing the CP
system

CP does not increase
safety risks (i.e., drivers
do not travel at faster
speeds to “make up” time
lost from a CP hold).

CP does not have lasting
impacts on bus routes
(e.g., buses are back on
schedule within a few
stops of the CP hold)
Buses have greater
occupancy when CP
messages are issued
than without (more cost
effective)

Bus occupancy
Number of “on-time”
arrivals of buses
Average wait time
Number of missed
bus-to-bus
connections

=  Smartbuses

6.1.3 Data Coallection Plan

Datawill be collected for athree-month period from September through November of 2003, plus
an additiona month if necessary. Mogt of the data required for the collection of system
performance are aready routinely collected as part of UTA’s norma course of operations.
Therefore, we anticipate that some system performance datawill be available for months
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proceeding the fidd period. We will capture and use as much of this earlier information as
possible. Thisdatawill be used to provide more accurate measures of average wait times, bus
occupancy, frequency of late trains, and the number of CP messages that are issued.

There are anumber of different sources of datathat will be used to evauate system performance.
The data that will be used for the evauation of system performance include;

= TRAX Schedules — scheduled train times at each of the TRAX sations.

= Bus Schedules — scheduled bus times for each bus route that intersects a TRAX dation.

= CP Assgnments— bus trips (route/time combinations) a each TRAX dation that have
been designated for CP protection. These data are prepared as part of UTA’s norma
operations.

= CP Message Logs — CP messages generated by the CP system. These data are currently
captured by UTA as part of normal operations. However, the data need to be archived
before they are overwritten.

= BusArriva/Departure Times— Bus arrival and departure times at each TRAX dation.
These data are automaticaly collected by UTA for buses that are GPS/APC equipped
(i.e, “Smart Buses’). If non Smart Buses are used, then these data may have to be
manualy collected by bus operators or by other methods.

= Train Data— Arrival and departure timesfor trains at each of the TRAX dations. All
light rail trains operated by UTA are equipped with GPS receivers that are used to record
the redl-time location of each train. UTA maintains atrain tracking system that
electronicdly collects these GPS data and monitors the performance of each train. The
data are stored in a database and are retained for at least 40 days. Pertinent data (train
identifier, scheduled and actual arrival/depart times, etc.) will be queried from thetrain
tracking system.

As discussed above, dl but one of these data sources are developed as part of the normal
operation of the CP system. However, it will be important to capture the information for the
evauation before it isinadvertently erased or recycled as part of dally operations. With bus
arriva and departure times, there may not be sufficient data collected as part of routine daily
operations to facilitate arobust andysis. Should it prove necessary, we would collect
supplementd information on bus arrival and departure times by asking the bus drivers to record
these times on alog sheet. Existing log sheets would be used if available,

6.1.4 Data Analysisand Reporting

An ided approach for examining system performance, asit can be used to measure the
effectiveness and other impacts of the CP system, would be to use a“ before and after” approach
over comparable time periods. In this gpproach, each bustrip (i.e., unique route/location/time
combination) serves asits own control. An aternative to this gpproach would be to employ a
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“with and without” approach, where comparable “without” cases serve as controls for the “with”
cases. Thefirgt gpproach requires an assumption of comparable time periods, while the second
gpproach requires the assumption of amilar “with” and “without” bus trips.

For this evduation, a multi-faceted approach will be used to evaduate the system performance
information to assess the effectiveness of CP on reducing missed connections. Thefollowing
describes the facets of this gpproach. In all cases, except where noted, the key outcome of
interest is the number or percentage of cases where a missed connection was identified.

Andyssof “With” and “Without”

UTA hasindicated that the trips that tend to be CP protected are those with longer intervals
between buses or are during the evening rush hour or at the end of the day. Most of the CP-
protected trips are a Historical Sandy and Sandy Civic Center. The satistical andysis would
consst of comparing the percentage of missed connections (as defined by a bus departure time
minus atrain arriva time being less than one minute) among the “without” trips to the
corresponding percentage among the “with” trips under different conditions, such asal days and
instanceswhere thetrain had alate arrival. If aggnificant difference in the percentage of missed
connections can be identified, then this would be evidence that CP has/is making a difference
among the CP-protected trips. However, the converse may not betrue. Andysis of variance and
logistica regression techniques will be used for the statistical andyss. For example, alogigtic
regresson modd will be employed to mode the probability of not missing atransfer asa
function of time of day of transfer, whether the transfer point was included in the CP system, and
the transfer point itsdf.

Implementation of this gpproach would consst of collecting system datafor al tripsthat are
currently being CP protected (i.e., the “with” cases) and for a selected number of tripsthat are
not currently being CP protected (i.e., the “without” cases). Overdl, datawill be collected
smultaneoudy from those trips that are being protected and those that are not. This data
collection activity will occur over athree-month period.

Andyss of “Before” and “After”

Edtimates of the number or percentage of missed connections could be compared for some of the
tripsthat are not currently being CP protected (“Before” cases) to smilar estimates once CP has
been activated for those trips (“ After” cases). This has the advantage in that each trip serves as
its own control, which increases the ability to Satisticaly determine the impact of CP on these
locations. The difficulty in this approach isthat these are trips that are of a*“lesser” concern,
which iswhy they were not CP protected in the first place. However, if CP can be shown to be
effective for these trips, then this would be strong evidence thet it was likely effective for the
routes dready CP protected, though the converse would not necessarily be true. Analysis of
variance and logigtica regression techniques smilar to those employed for the With-and-

Without andysis dso will be used in this gatigtica andysis.

Thisapproach will be utilized for the two new bus routes being added to the Balpark station, as
well asfor any other routes that can be identified. Information on these routes will be collected
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for aperiod of gpproximately 1.5 months without protecting any trips. Then, the CP sygem will
be turned on for trips on these routes and data will be collected for another 1.5 months.

Andyss of Average Wait Times

Late train events will be examined for the trips that are CP protected. For each event, a
determination will be made as to whether a missed connection was avoided because of the CP
sysem. A higtorica average wait time will be gpplied to determine the likely outcome in the
event that a CP message was not issued. Thisanadysis would seek to answver questions such as:
if the train was estimated to be 4 minutes late and a CP message was sent to the bus driver to
hald the bus long enough for the train to arrive, would the driver have been likdly to wait
anyway, based upon the higoricd wait times? The challenge with this gpproach isthat isrelies
upon gpplying a historical average to specific events and assumes that there has been no
systematic change in the average waiting times of bus drivers. Idedly, information on the
average wait time for each trip would be available prior to the implementation of CP. If thisis
not the case, then thiswill be estimated using data from non-CP events at the CP protected trips
or from non-CP protected trips.

Andyss of Unddiverable Messages

There are asgnificant number of “Missed” messages that could occur during the three-month
field period. For example, over the course of a 153-day period in late summer/early fdl there
were 263 messages that were “Missed” messages, which represents 16% of al messages that
wereissued. These messages represent cases where the bus operator had not logged into the
system or cases where the scheduled departure time of the bus was before the CP message was
issued. These cases will be examined to evauate system operation as well as effectiveness of the
system. Because these types of messages are uncontrollable, no action is needed to implement
this method.

Andyss of Ancillary Impacts

Analyss of variance and descriptive atigtics will be used to examine issues such asimpacts to
subsequent stops, speed, and bus occupancy. In al cases, comparisons will be made between
events where a CP message was issued to events where a CP message was not issued. That is,
this comparison would only be made using CP bus trips and each bus trip would serve asits own
control. For example, the lateness of the bus (with repect to the schedule) at the next
subsequent stop (time point) following the TRAX gationwill be compared between CP and non+
CPevents. Thisandysswould give indght into whether the bus driver tended to increase speed
to “make up” for aCP hold.

6.2 CP User Satisfaction Test

This section describes the evauation plan for the quditative assessment of customer and
operator satisfaction with the CP system. Complete and final details of the proposed evaluation
testswill be provided at alater date after consultation with UTA and BY U gaff in the form of
detailed test plans.
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6.2.1 Test Objectives

The main objective of the quditative evauation isto assess traveler and bus operator satisfaction
with the CP system. Specific objectives are expressed in the following evauation questions:

Do travelers perceive that their rail-to-bus connections are more reliable, either compared
to pre-CP experience or between protected and unprotected connections?

Do travelers percelve that they are deriving vaue from the system?

Do travelers suggest any improvements or changes related to their connection
experiences?

Do travelers save travel time due to the CP system, and if so, how much?

Are there any unanticipated effects associated with the CP systemn, and if so, what can be
done to mitigate them?

Are sysem managers satisfied with CP system performance?

Are digpatchers satisfied with CP system performance?

Are bus operators satisfied with CP system performance?

Do bus operators suggest any improvements or changes that could enhance the operation
or performance of the CP system?

Do ridersindicate that connection performance is afactor in their decison to use trangt?
Are complaints or comments regarding missed connections reduced in regard to routes
that are CP protected?

To meet these objectives, the evaluation will involve a series of intercept surveys, with
interviews of sdlected passengers on the UTA rail and bus system at specified transfer pointsto
be conducted by trained and supervised BY U student interviewers. In addition, key informant
interviews will be conducted with selected bus drivers, CP system operators and managers, and
UTA customer comment logs will be examined and included in the andysis where gppropriate.
A find objective will be to add quditative depth and interpretation to the system data being
collected and andyzed under the system performance te<t.

6.2.2 Hypotheses and M easur es of Effectiveness

Table 6-2 presents an initid understanding of the user satisfaction benefits, hypotheses and
measures that will guide this component of the CP eva uation.
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Table 6-2. Anticipated Benefits, Hypotheses, Measures and Data Sources

Objectives and
Anticipated Benefits

Hypotheses

Measures and Data Sources

Increase satisfaction of
transit users

- TRAX rail riders perceive that bus
connections are reliable, and more reliable
than they used to be

- Bus riders are satisfied (not bothered by)
connection delays at TRAX stations

- Bus/rail rider complaints are reduced, or less
related to connection issues

- Transit users who have rail/bus transfers use
transit for their travel more often

- Stated preference surveys of
riders (Source: in-person
interviews using intercept
surveys at selected TRAX
stations and on buses)

- Content analysis of customer
complaints (Source: complaint
logs)

Increase satisfaction of
bus operators,
dispatchers, and
transit system
managers

- Bus drivers are more satisfied with
connection performance

- Bus drivers report fewer passenger
complaints with connection performance

- System operators/dispatchers/managers are
satisfied with rail/bus system performance and
perceive that the CP system does not have an
adverse effect on bus schedule
performance/adherence

- Interviewees perceive a beneficial effect of
CP on connection success and bus schedule
performance/adherence

- Key informant interviews
using structured questions
(Source: selected bus drivers,
dispatchers, managers)

6.2.3 Data Coallection Plan

To evauate user satisfaction with the connection protection program, datawill be collected from
various user groups by severd methods that include the following:

Intercept surveys of TRAX rail riders who make transfers to buses (both on protected and
on norprotected routes) to assess thelr experiences with the connection protection

sysem.

Intercept survey of busriders at the rail transfer points who did not arrive by train to

asess how bus delays caused by this system may impact them.

Enumeration of the number of TRAX riders trandferring to buses a the stations identified
for interviewing, and measure time saved by CP.
Surveys and selected interviews with bus drivers, dispatchers, supervisors, and system

operators and managers to assess their perceptions of the functionality and benefits of the

CP system.

Review and andysis of UTA complaint logs.

The timing of the data collection period will need to take account of BY U’s aff and student
interviewer availability, aswdl asavoiding UTA’s seasond schedule changes. The data
collection period is expected to be during September through November of 2003.
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Site Selection. Two or three stes will be sdected for the conduct of the intercept surveys. The
underlying intent isto intercept and interview trangit riders who travel on rail-bus routes that
historicaly have experienced late trains and actud or potentialy missed rail-to-bus connections.
Rall-bus routes that meet these conditions will be further divided into those that have connection
protection operating and those that do not. This with-without sample design will dlow usto
evaduate therole that CP playsin travelers experiences and satisfaction with trangt service.

Two or three TRAX rail gations that experience the highest frequency of late trains but where
only some of the bus routes’times are protected. This gpproach will alow for control of a
number of factors that might influence customer satisfaction, including geography of the

locations, some attributes of travelers, and trip timing. For this approach to be successful, we
will need bus routes that are both protected and unprotected with schedules and headway's that
aregmilar. An advantage to this gpproach is the survey administration efficiency that is gained
by having to supervise student interviewers at afew locations. Furthermore, this approach offers
synergy with the system performance eva uation that intends to follow a Smilar evaluation

desgn.

Rider Intercept Surveys. Dataon rider satisfaction with the CP program will be collected
through surveys with a sample of riders. This component of the test plan has severd steps that
indude:

Desgn the survey questionnaires

Deveop the sampling plan

Train and supervise BY U dudent interviewers
Collect, process, and andyze the data

Battelle will work closdy with the BY U survey supervisor and student interviewersto design
and carry out the intercept surveys. The plan isto usetrained BY U student interviewers to
conduct intercept surveys with riders of the UTA TRAX and bus system at a pre-selected rall
gations. The primary target audience for the survey isthose TRAX rall riderswho intend to
connect with abus at one of the rail saionsdong therail route. These riderswill be sampled
over aone-week period by day of week and time of day. Details of the sampling plan will be
developed based on information about bus routes, ridership levels, arriva/departure schedules,
and the analysis of historical CP system performance data. The sampling plan will be included
in the detailed test plans. An effort will be made to create a representative sample of rail-to-bus
transfer riders who are exposed to missed connections so that conclusons from this evauation
can be generdized to the population of dl train-to-bus transfer riders of the system. In addition,
asmdler sample of bus riders who are on buses that may be subject to delays due to the
connection protection system will be surveyed in order to evauate any potentid issues
associated with schedule delay due to the CP program experienced on those bus routes.

We expect that many trangt riders are, and will continue to be unaware of the existence of the
CP program, and more specificaly of whether or not a CP message has been issued that may
impact their travel experience. That is, they arelikely to only be aware of whether or not they
successfully make their rail-to-bus connection, and not why they may have succeeded or failed,
especidly when their TRAX arrivd a the connecting station is known to be later than scheduled.
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Given this, the survey will be able to assess rider satisfaction with the connection (and other)
service dtributes, and with rider awareness of the CP program, but the focus will be on
evauating differencesin rider satisfaction with their connection experience since the
introduction of CP program.

During the next Ste vidt, Battelle will work with UTA and BY U to findize the survey design,
interview formats, and the sampling plan. Prior to conducting the surveys, sudents from the
BY U Department of Engineering will be recruited and given an orientation to the project and
interview training. They will be assgned to the selected trandfer sation(s) at specified times and
indructed to intercept a sample of riders who are transferring from rail to bus. Both protected
and unprotected transfers will be sampled, but the protected transfers will be over-sampled.
Because transfer time is expected to be very limited, riders are expected to bein ahurry. In
order to avoid a sampling bias associated with differentid value of time by these travelers,
transferring riders will be identified and intercepted either while boarding the bus or once on the
bus. An effort will be made to identify al persons on the bus at the connecting station who have
just transferred from the arriving TRAX train. Personswho arrived at the connecting station on
the target bus, or who are initiating their bus ride from that station but did not arrive by TRAX,
will be identified and a sample of them sdlected to complete a second (somewhat different)
guestionnaire.

Respondents will be asked if they would be willing to complete a short written survey (self-
adminigtered questionnaire), and handed a packet containing an officid introductory letter
requesting their support, a brief explanation of the purpose of the survey, a copy of the
appropriate survey depending on whether they are transferring from rail to bus or not, and a
postpaid mailer to alow respondents to mail back their completed questionnaire. However, the
sudent interviewers will be riding the bus with the intent of collecting the completed
questionnaires prior to the next bus stop. A toll-free phone number will be provided for
answering any respondent questions or responding to concerns. An incentive will be offered to
those who complete the survey, and the details of thiswill be worked out with UTA. For
example, it may be possible for the UTA to offer one or more reduced fare tripsin the future to
riders who complete the survey, with the bus drivers handing these to riders who turn in their
completed questionnaire packet before disembarking.

Because the connection protection program was initiated in January 2002, there is no opportunity
to collect pre-deployment baseline data. However, two drategies are available to provide for
with and without comparisons of traveler perspective on this program. First, questions will be
asked of the target respondents regarding their travel experiences prior to connection protection
and to assess changes they perceive with their travel experiences since the CP program has been
inplace. We will address potential issues of recdl biasin this gpproach. Second, some riders
will be intercepted and surveyed on buses that do not have connection protection. These routes
will be selected in consultation with UTA, as noted earlier, to match aswell as possible routes
and conditions where the new service is now being provided. In addition, someriders are
expected to have experience with both conditions, to the extent that they transfer from rail to bus
at different locations, depending on trip timing and purpose, though they are unlikely to be aware
of whether or not connection protection service was operating at the time of their various
trandfers.
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Rider Questionnaire Design and I mplementation. Survey questionswill be developed and
reviewed with UTA and BY U during the forthcoming Site visit, and then pre-tested with a
sample of riders. Thiswill test for clarity, understandability, and content of the questions, as

well asfor the feasibility of the intercept strategy and the response rate that can be anticipated. It
also will condtitute a dress renearsal for the student interviewers. Refinements will be made
before implementing the find survey plan. Sample size targets will be specified in the detailed
test plan but are anticipated to be sufficient to achieve about 300-400 completed surveys.

Detailed rider survey questionnaires will be constructed to obtain the kinds of information listed
below. However, because of the need to keep the questionnaires fairly short, these questions are
presented as potentid items for further consideration and prioritization. Mog, if not dl, of the
questions will be presented as closed-ended, offering check box response categories to assure
clarity and ease of completion. Draft mockup questionnaires will be prepared and reviewed with
the BY U team and refined in amore find draft form.

How often do you ride the bus? Light rail?

How long a UTA rider (new, old, number of months)?

Frequency of trangit riding? Trips per week/month?

How often transfer from rail to bus? At thislocation? Others?

Time of day; day of week of transfer?

Do you use ral/bus to commute? How often? Arriva/departure flexibility? Length of
commute? Total number of trandfers on your commute?

Purpose(s) of trips? Commuting, pleasure/sightseeing/recreation, persond
businesserrands, other?

Availability of aternative means of trangportation? Have access to or own car?
Isrider trangit dependent or ride by choice?

Perception of on-time performance? How often off schedule? Perception of any changes
in experience before and after protection implementation?

Experiences missing a connection from rail to bus? At thislocation? Others? Time of
day? Day of week? Frequency? Perception of connection reliability?

How important isit to you to be certain of connecting to the next bus? What istypica
wait time if miss bus connection & times you travel?

Attitudes (concerned about safety/security at transfer center, worry about being late,
delay tolerance).

Ever submitted acomplaint to UTA? Current concerns or complaints related to
experience with connections from rail to bus?

Prior awareness of connection protection system from media or el sewhere?

How does system benfit rider? Impact on riding behavior? Effect on riding frequency?
Suggestions for improving the sysem?

Demographic background (gender, age, education)

Operator Surveysand Key Informant Interviews. Working closdy with UTA, we will obtain
alig of key informants for surveying and interviewing. These will include drivers of buses on
which connection protection has been implemented (and some where it has not been
implemented), system supervisors, dispatchers, and managers or others who arein aposition to
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offer perspective on how well this system is perceived to be working and to articulate in their
own words the benefits or impacts of the system as they understand them. Given thelarge
number of bus driversin the UTA system, asample of dl driverswill be interviewed, but an
effort will be madeto interview dl the other key informants. Interviews may be arranged
individudly or in groupsfor efficiency. If saverd individuds are interviewed together, they will
be of the same type (drivers, supervisors, etc.), and the interviewer will exercise care to be sure
that each individua can express hisor her own opinion.

In addition to interviewing asample of bus drivers, it is expected that a short survey will be
digtributed to dl the bus drivers in the system, coded in order to track which routes are covered
and which drivers have connection protection experience. Thiswill dlow usto collect a
consstent set of data from al drivers who respond to the survey. The driverswill then be
sampled and sdected into severd interview groups to alow more detailed inquiry into the issues
associated with the connection protection program and their practica experiences with it. These
discussons will go into grester depth than is possible with the short survey questionnaire.

Complaint Logs. Inaddition to the survey data, comment/complaint logs will be obtained from
UTA and andyzed in terms of the issuesraised that are potentidly pertinent to the connection
program. The complaint categories will be reviewed, and UTA will be requested to provide
selected information on the nature and details of the complaint for those complaint categories
that are likely to be related to trangit riders seeking to connect from rail to bus. No information
that would reved the identity of the individud filing the complaint will be requested or provided.
Thus, these will be anonymous records of the complaints. Coverage of the complaint logsis
believed to go back severd years.

6.2.4 Data Analyssand Reporting

Data acquired from the surveys and interviews will be coded, manudly entered into an MS
Access database, verified, and cleaned. Depending on the sampling strategy selected for
identifying intercepts, the data may need to be weighted prior to andysisin order to provide
representative results. Analyseswill be conducted using SPSS' to generate margind frequency
digributions for dl the variablesin the survey. Reationships among the varigbles will be
explored using cross-tabulations, analysis of variance, or multiple regression, as gppropriate, and
the results will be presented and interpreted. Where possible, rider perceptions will be compared
with system performance data that are discussed in the system performance test plan. Thismay
include, for example, rider perceptions of system delays with objectively measured deviations
from schedule. BY U offers no-cost statistical support to al its research departments and will
support this team on such atistica details as determining a proper sample size; selecting
locations, times and respondents for the intercept surveys, designing a data weighting scheme,
and developing andytic srategies. Tabular and graphic datawill supplement the report narrative
to present resultsin a clear and understandable way.

1 Spssisthe Statistical Package for the Social Sciences, an analytic software tool that reads standard database
formats and allows for afull range of statistical proceduresto be applied to the data, including frequency
distributions and associated statistics, cross-tabulations to examine relationships among variablesin the data, and
even more sophisticated forms of analyses.
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Where possible, the complaint log fileswill be coded by bus route and location. 1t is recognized
that these data are anecdotal and may not be amenable to formal statistical analysis, but rather
will offer additional quaitative understanding of issues related to connection protection. Also,
these logs will be content-analyzed early on in the research process and mined for issues and
ideas that can help shape the structuring of the surveys and interviews. To the extent possible,
after inspecting the available data, comparisons will be made station by station (or bus route by
bus route) to look for differencesin issues and differences between protected and non-protected
bus-rall connections. That is, depending on our ability to determine the circumstances to which
these complaints apply, they will follow the with-without comparative approach. Also, they may
be amenable to alimited before-after andysis usng the time samps on the log files.
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Section 7
Evaluation Management

7.1 Evaluation Schedule and Deliverables

Figure 7-1 presents the evaluation schedule and major deliverables. UTA has recommended that
the system performance data collection be conducted during the fdl schedule change period
between August 25, 2003 and November 23, 2003, as opposed to the summer period (April 14,
2003 to August 24, 2003) where low ridership would be experienced due to the absence of
student riders. The fdl period represents the typical ridership of the UTA systems and provides
agood scenario for measuring the effectiveness of the CP system.  As a contingency, the
evauation team decided to include an additiond month for data collection to insure that enough
sample size (i.e., CP messages) will be achieved to entail statistical comparison of connections
made with and without the CP.

Exploratory
Analysis
Report
3/3/03

Draft
Test
Plans

9/10/03

Draft
Evaluation
Report
2/15/04

Interim
Briefing to Final
FTA/JPO Evaluation
(TBD) Report
3/31/04

Kickoff
Meeting
11/20/02

Draft
Evaluation

an
3/28/03

Final
Evaluation

an
8/27/03

2004

Exploratory
Analysis
12/02-2/03

Data Collection
9/03-12/03

Data Analysis
12/03-2/04

Figure 7-1. Evaluation Schedule and Deliverables

7.2 Evaluation Management Structure

The management structure of this evauation is presented in Figure 7-2. The evduation teamis
managed by Dr. Jeffrey Jenq of Battelle who reportsto Mr. Terrdl Williams of Federa Transit
Adminigration (FTA) who serves as the Federal task manager for the CP evaduation. Mr.
Williams reports to Dr. Joseph Peters of ITS Joint Program Office (JPO) who is the manager of
the ITS Program Assessment (IPAS) program. Mr. Williamsis supported by Mr. Steve
Mortensen of Mitretek who provides various evaluation supports to the USDOT. Dr. Jenq dso
will coordinate with the UTA evauation committee through the ITS Project Manager, Mr.
Richard Hodges.

24



Dr. Chris Cluett of Battelle serves as the quditative study leader and is supported by the
Brigham Y oung Universty evauation team supervised by Professor Mitsuru Saito. Mr. Ben
Pierce of Battdlle leads the quantitative sudy and is supported by Mr. Alan Pate of Battelle who
serves as the database manager in charge of system data collection, processing, and anayss.
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g UTA ITS Magr.
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Project Manager I

J. Jenq I
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Database Manager
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FTA.COTR |

T. Wiliams |

Eval. Support

S. Mortensen

Survey Study LeaderI

C. Cluett I

Field Data Collection
Support Supervisor

M. Saito

Brigham Young University

Support
Staff

Students

Figure 7-2. CP Evaluation Management Structure
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7.3 Work Breakdown Structure

A work breakdown structure (WBS) has been prepared for use in managing al aspects of this
earmark evaluation project. The discrete task eements of the project are listed in this work
breakdown gtructure, displayed in Figure 7-3. Battelle' s project manager will refer to this work
breakdown Structure to track and monitor al tasks and ddliverables for the project.

UTA Connection Protection System
Evaluation Management

Planing Phase Evaluation Phase Misc.
|| Conduct || Conduct Perform
Site Meetings Pre-Tests Project Management
Conduct : .
T Exploratory Analysis — Collect Data Interim Briefing
— Deyelop — Analyze Data
Evaluation Plan
|| Develop Prepare Draft
Test Plans || Evaluation Report

Prepare Final
Evaluation Report

Archive
Data

Figure 7-3. CP Evaluation Work Breakdown Structure

7.4 Estimated Level of Effort

Table 7-1 presents the estimated level of effort for the completion of the evaluation. Note that,
per DOT approval, additiond efforts were made in performing an exploratory andysiswhich
was not in the origina scope. An estimated 270 hours were spent in the planning, execution, and
reporting of the exploratory andysis. Additiond funding might be needed to complete the
remaining tasks of this evauation.
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Table 7-1. Estimated Level of Effort

Estimated Hours
Senior Junior

Task Analyst Middle Analyst Analyst Total
0. Exploratory Analysis 90 120 60 270
1. Evaluation Plan 150 20 0 170
2. Test Plans 115 55 0 170
3. Data Collection 140 244 666 1050
4. Data Analysis 35 300 100 435
5. Interim Briefing 50 0 0 50
6. Evaluation Report 161 85 0 246
Total 741 824 826 2391

7.5 Data Management

This project will collect large amount of system dataiin the dectronic form. Those datawill be
acquired and archived using an industry standard format such as SAS® or Microsoft Access.

This evauation will preserve dl raw and processed system data as well as the fina numeric

andysis outputs generated from such data. Mr. Alan Pate of Battelle is the database manager for
this evaluation and will perform dl data trandgfer, processing, and archiva throughout the entire
sudy. These eectronic datawill be saved on Battelle's data server during the evaluation Dally
backup of dl datais automaticaly performed by the Battelle computer system. At the end of the
project, al eectronic datawill be transferred to the USDOT using approved media such as CD
ROM discs.
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Appendix A

This section contains the exploratory andys's results referenced in the Section 5 Exploratory
Andyss.

Table A-1. Number of Protected and Unprotected Trips on a Given Weekday for Each Bus Route

Number of Number of
TRAX Station Bus Route Protected Trips Unprotected Trips
Ballpark 66 4 4
30 - 79
Central Pointe 35 5 14
442 - 38
31 - 81
37 3 28
Millcreek 41 4 16
131 - 4
137 - 7
15 - 19
36 3 16
39 - 70
Meadowbrook 17 3 1a
142 - 4
442 - 19
Murray North 40 _ 0
140 - 8
10 - 56
Murray Central 12 - 18
84 - 26
22 - 58
24 - 26
. 33 3 17
Fashion Place West 124 - 10
125 - 9
222 - 27
Midvale Fort Union 82 - 30
85 - 27
25 - 23
27 - 16
Midvale Center 88 4 2
125 - 9
222 - 54
24 - 52
. . 90 6 13
Historic Sandy 92 = 17
124 - 10
Sandy Civic Center 12 - 16
24 - 52
33 - 19
41 1 20
46 4 -
47 4 >
124 - 5
125 - 4
133 - 4
143 - 5
222 - 27
345 4 4
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Number of Number of
TRAX Station Bus Route Protected Trips Unprotected Trips
811 22 1
816 - 2
Total 77 1150

Table A-2. Distribution of Weekday Bus Trips by Time of Day vs. Frequency of Bus Route

Number of Number of
CP Protected Trips Non-CP Protected Trips
Bus Route AM Mid- PM AM Mid- PM
Frequency rush day rush Evening rush day rush Evening Total
<25 min 0 0 3 0 126 62 140 0 331
25-55 min 12 0 52 0 271 156 221 14 726
> 55 min 0 4 4 2 0 64 14 73 161
Undefined* 0 0 0 0 1 1 0 7 9
Total 12 4 59 2 398 283 375 94 1227
*only 1 trip departs on a given route during time period, thus frequency cannot be calculated

Table A-3. CP Messages Generated During November and December 2002

Number of CP Messages
CP Message Type November December Total
Hold 202 316 518
Missed 37 78 115
Bad Transmission* 0 770 770
Discarded** 0 12 12
Total 239 1176 1415

* 558 of these occurred on weekends, even though no trips are CP protected on weekends
**not generated by CP System until Version 2 was installed on (or about) 12/12/02

Table A-4. November/December CP Messages Generated for Buses at Each TRAX Station*

Number Number CP Messages as
(Percent) of (Percent) of Percent of Protected
TRAX Station CP Messages Protected Trips** Trips
Ballpark 29 (4.5%) 164 (5.2%) 17.7%
Central Pointe 44 (6.8%) 205 (6.5%) 21.5%
Millcreek 105 (16.3%) 287 (9.1%) 36.6%
Meadowbrook 10 (1.6%) 246 (7.8%) 4.1%
Murray North 0 (0.0%) 0 (0.0%) --
Murray Central 0 (0.0%) 0 (0.0%) --
Fashion Place West 18 (2.8%) 123 (3.9%) 14.6%
Midvale Fort Union 0 (0.0%) 0 (0.0%) --
Midvale Center 45 (7.0%) 164 (5.2%) 27.4%
Historic Sandy 149 (23.1%) 533 (16.9%) 28.0%
Sandy Civic Center 245 (38.0%) 1435 (45.5%) 17.1%
Total 645 (100%) 3157 (100%) 20.4%

* 770 “Bad Transmission” messages not included
** pased on 41 days and Change Period #3 schedule
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Table A-5. Late Train Trips During November and December by TRAX Station

TRAX Station

Number
(Percent) of
Late Train Trips

Number
(Percent) of
Scheduled Train
Trips*

Late Train Trips
as Percent of
Total Train Trips

Ballpark 265 (8.3%) 7999 (9.0%) 3.3
Central Pointe 230 (7.2%) 7999 (9.0%) 2.9
Millcreek 251 (7.9%) 7999 (9.0%) 31
Meadowbrook 241 (7.7%) 7999 (9.0%) 3.0
Murray North 238 (7.5%) 7999 (9.0%) 3.0
Murray Central 376 (11.8%) 7999 (9.0%) 4.7
Fashion Place West 335 (10.5%) 7649 (8.6%) 4.4
Midvale Fort Union 346 (10.9%) 8398 (9.4%) 4.1
Midvale Center 398 (12.5%) 8348 (9.4%) 4.8
Historic Sandy 357 (11.2%) 8348 (9.4%) 4.3
Sandy Civic Center 146 (4.6%) 8348 (9.4%) 1.7
Total 3183 (100%) 89085 (100%) 3.6

* based on Change Period #3 schedule

Table A-6. Late Train Trips During November and December by Day of Week

Number
(Percent) of

Number
(Percent) of
Scheduled Train

Late Train Trips
as Percent of

Day of Week Late Train Trips Trips* Total Train Trips
Sunday 160 (5.0%) 6705 (7.5%) 2.4
Monday 582 (18.3%) 14877 (16.7%) 3.9
Tuesday 400 (12.6%) 14877 (16.7%) 2.7

Wednesday 246 (7.7%) 11571 (13.0%) 21

Thursday 331 (10.4%) 11571 (13.0%) 2.9
Friday 666 (20.9%) 14877 (16.7%) 45
Saturday 798 (25.1%) 14607 (16.4%) 5.5
Total 3183 (100%) 89085 (100%) 3.6

* based on Change Period #3 schedule

Table A-7. Late Train Trips During November and December by Time of Day

Number
(Percent) of

Number
(Percent) of
Scheduled Train

Late Train Trips
as Percent of

Time of Day Late Train Trips Trips* Total Train Trips
AM rush 606 (19.0%) 22608 (25.4%) 2.7
Mid-day 537 (16.9%) 19877 (22.3%) 2.7
PM rush 895 (28.1%) 25585 (28.7%) 3.5
Evening 1145 (36.0%) 21015 (23.6%) 54

Total 3183 (100%) 89085 (100%) 36

* based on Change Period #3 schedule
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Table A-8. Distribution of Bus Trips by Time of Day vs. Frequency of Bus Route

CP Protected Non-CP Protected
(# trips) (# trips)
Bus Route AM Mid- PM AM Mid- PM
Frequency rush day rush Evening rush day rush Evening Total
Ballpark
<25 min - - - - - - - - 0
25-55 min 4 - - - - - - - 4
> 55 min - - - - - - 4 - 4
Undefined* - - - - - - - - 0
Central Pointe
<25 min - - - - 24 24 28 - 76
25-55 min - - 5 - 21 - 19 2 47
> 55 min - - - - - 12 - - 12
Undefined* - - - - - - - 1 1
Millcreek
<25 min - - 3 - 30 22 38 - 93
25-55 min - - 4 - 19 8 4 7 42
> 55 min - - - - - 4 - 4 8
Undefined* - - - - - - - - 0
Meadowbrook
<25 min - - - - 26 - 26 - 52
25-55 min - - 6 - 26 16 26 - 74
> 55 min - - - - - 16 - 4 20
Undefined* - - - - - - - 2 2
Murray North
<25 min - - - - 26 - 26 - 52
25-55 min - - - - - 16 - - 16
> 55 min - - - - - - - 8 8
Undefined* - - - - - - - 2 2
Murray Central
<25 min - - - - - - - - 0
25-55 min - - - - 35 24 36 - 95
> 55 min - - - - - 4 - - 4
Undefined* - - - - - - - 1 1
Fashion Place West
< 25 min - - - - 20 16 22 - 58
25-55 min - - 3 - 26 16 24 5 74
> 55 min - - - - - 4 - 14 18
Undefined* - - - - - - - - 0
Midvale Fort Union
< 25 min - - - - - - - - 0
25-55 min - - - - 19 16 18 - 53
> 55 min - - - - - - - 4 4
Undefined* - - - - - - - - 0
Midvale Center
<25 min - - - - - - - - 0
25-55 min - - - - 36 20 29 - 85
> 55 min - - 4 - - 4 5 9 22
Undefined* - - - - - 1 - - 1
Historic Sandy
<25 min - - - - - - - - 0
25-55 min - - 13 - 30 16 22 - 81
> 55 min - - - - - 8 - 10 18
Undefined* - - - - 1 - - - 1
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Sandy Civic Center
<25 min - - - - - - - - 0
25-55 min 8 - 22 59 24 42 - 155
>55 min - 4 - 2 - 12 5 20 43
Undefined* - - - - - - - 1 1
Total 12 4 60 2 398 283 374 94 1227

*only 1 trip departs on a given route during time period, thus frequency cannot be calculated

Table A-9. Potential Bus Trips that Could Be Used for a “With vs. Without” Evaluation

Corresponding CP-Protected

Potential “Without” Case Trip(s)
. Bus Bus Bus Bus Bus Bus Bus | #CP Train
TRAX Station Route Direction Time | Frequency | Route Direction Time | Msg | Time
22 Inbound 16:20 <25 min . .
222 | Southbound | 16:20 | 2555 min* | o0 | Seuthbound | 16:20 | 5 | 16:14
Fashion Place West 22 Inbound 16:50 <25 min ) .
222 | Southbound | 16:50 | 2555 min* | oo | Southbound | 16:50 | 3 | 16:44
222 Southbound | 17:20 | 25-55 min* 33 Southbound | 17:20 5 17:14
31 | Eastbound | 16:38 | <25min* | 37 | \yesthound | 16:40 16:35
31 Westbound | 16:40 < 25 min*
31 Eastbound | 16:54 | <25 min 41 | Southbound | 16555 | 9 | 16:50
Millcreek 37 Westbound 16:55 < 25 min
31 Eastbound 17:40 < 25 min* 37 Westbound 17:40 8 17:35
31 Eastbound 17:55 <25 min 41 Southbound | 17:55 8 17:50
31 | Eastbound | 18:25 | <25min 41 | southbound | 18:25 | 8 | 18:20
31 Westbound | 18:25 < 25 min
39 Westbound 16:25 <25 min 36 Westbound 16:31 0 16:22
39 Westbound 16:45 <25 min 42 Southbound | 16:46 0 16:37
39 Westbound | 16:55 <25 min 36 Westbound | 17:01 1 16:52
Meadowbrook 39 | Westbound | 17:15 | <25 min 42 | Southbound | 17:16 | 2 | 17:07
39 Westbound | 17:25 <25 min 36 Westbound | 17:31 1 17:22
39 Westbound 17:45 <25 min 42 Southbound | 17:46 1 17:37
27 Inbound 15:06 >55 min* 88 Westbound 15:08 2 15:03
Midvale Center 27 Inbound 17:06 > 55 min* 88 Westbound | 17:08 8 17:03
27 Inbound 18:06 > 55 min* 88 Westbound | 18:08 9 18:03
24 | Southbound | 15:54 | 25-55min* | g, Eastbound | 15:55 | 11 | 15:50
90 Westbound | 15:55 [ 25-55 min*
. } - 90 Westbound | 16:25 9 .
24 Southbound | 16:24 | 25-55 min 04 Eastbound 1625 7 16:20
. 90 Westbound | 16:55 8
24 th 16:54 | 25- * 16:
Southbound 6:5 5-55 min 94 Eastbound 1655 - 6:50
fstar i ) - 90 Westbound | 17:25 5 .
Historic Sandy 24 Southbound | 17:24 | 25-55 min 94 Eastbound 1725 2 17:20
. } - 90 Westbound | 17:55 8 .
24 Southbound | 17:54 | 25-55 min 94 Eastbound 17:55 - 17:50
. } - 90 Westbound | 18:25 12 .
24 Southbound | 18:24 | 25-55 min 94 Eastbound 18-95 9 18:20
. 90 Westbound | 18:55 11
24 h 18:54 | 25- * 18:
Southbound 8:5 5-55 min 94 Eastbound 18:55 10 8:50
Sandy Civic Center 24 Northbound | 6:29 | 25-55 min* . .
24 | Southbound | 6:35 | 2555 mine | - | Northbound | €35 1 0 ] 6:23
33 Northbound 6:43 25-55 min* . .
27 | Northbound | 643 | 2555 min* | o1t ToProvo | €:42 | 11 | 6:38
24 Northbound 6:59 25-55 min* 811 To Provo 6:59 4 6:53
33 Northbound 7:13 25-55 min* 811 To Provo 7:14 3 7:08
47 Northbound 7:43 25-55 min* 811 To Provo 7:44 1 7:38
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Corresponding CP-Protected
Potential “Without” Case Trip(s)
Bus Bus Bus Bus Bus Bus Bus #CP | Train
TRAX Station Route Direction Time | Frequency | Route Direction Time | Msg [ Time
33 Northbound 7:44 | 25-55 min*
33 Northbound 8:14 | 25-55 min* 811 To Provo 8:14 0 8:08
24 Northbound 9:29 25-55 min* 811 To Provo 9:29 2 9:23
24 Northbound | 10:29 | 25-55 min* 811 To Provo 10:29 1 10:23
24 Northbound | 11:29 | 25-55 min* 811 To Provo 11:29 1 11:23
24 Northbound | 12:29 | 25-55 min* 811 To Provo 12:29 5 12:23
24 Northbound | 13:29 | 25-55 min* 811 To Provo 13:29 4 13:23
24 Northbound | 14:29 | 25-55 min* 811 To Provo 14:29 5 14:23
24 Northbound | 15:29 | 25-55 min* 811 To Provo 15:29 5 15:23
33 Northbound | 16:14 | 25-55 min* 811 To Provo 16:14 4 16:08
47 Southbound | 16:43 2
33 Northbound | 16:42 | 25-55 min* 345 Outbound 16:44 11 16:38
811 To Provo 16:44 2
24 Northbound | 16:59 | 25-55 min* 811 To Provo 16:59 2 16:53
. - 46 Southbound | 17:13 8 .
33 Northbound | 17:12 | 25-55 min 811 To Provo 17-14 4 17:08
24 Northbound | 17:29 | 25-55 min* 345 Outbound 17:28 4 17:23
46 Southbound | 17:43 10
33 Northbound | 17:42 | 25-55 min* 47 Southbound | 17:44 5 17:38
811 To Provo 17:44 5
. - 345 Outbound 17:58 7 .
24 Northbound | 17:59 | 25-55 min 811 To Provo 1759 5 17:53
33 Northbound | 18:12 | 25-55 min* 46 Southbound | 18:13 9 18:08
. . 46 Southbound | 18:43 9 .
12 Northbound | 18:41 > 55 min 47 Southbound | 18:44 3 18:38

* same frequency as protected trip
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